Diffraction imaging for seal evaluation using ultra high resolution 3D seismic data by Klokov, Alexander et al.
Diffraction imaging for seal evaluation using ultra high
resolution 3D seismic data
Alexander Klokov1, Ramo´n H. Trevin˜o1, Timothy A. Meckel1
1Bureau of Economic Geology, The University of Texas at Austin
(October 7, 2016)
Running head: Diffraction imaging with P-Cable data
ABSTRACT
Cap rock is any impermeable or low permeability formation that may trap oil, gas or water,
preventing it from migrating to the surface. Evaluation of sealing properties of the cap
rock is a critical task for seismic exploration. It is important for oil and gas prospecting as
well as for locating reservoirs appropriate for carbon dioxide storage. The latter has been
proposed as one solution to global climate change caused by heat-trapping anthropogenic
gasses in the atmosphere. A fluid escaped from the reservoir fills voids in the overlying strata
thereby causing local changes of acoustic properties. We aim to explore such fluid-saturated
areas and thus evaluate sealing properties of underlying cap rocks. We assume that local
acoustic impedance changes caused by fluid migration generate seismic diffractions. We
isolate diffracted waves from P-Cable seismic data acquired over the area of interest and
perform diffraction analysis of the near-surface interval (above 200 m).
In the diffraction image obtained, we interpret an extensive system of broad sinuous
channels, narrow linear faults, and diffuse fracture networks. In addition, we detect high-
diffractivity anomalies, which extend vertically and laterally. We note no evidence of these
anomalies in a conventional seismic image and associated seismic attribute (similarity and
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fracture density) volumes. We associate this high diffractivity to a variable pore fluid
composition and saturation, which we infer to be due to hydrocarbon migration from the
underlying strata. Consequently, we conclude poor seal quality for the underlying cap rocks.
During data processing, we test diffraction focusing analysis for velocity model building.
This option appears quite valuable for P-Cable data processing because of short offset and
limitations of the standard velocity analysis.
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INTRODUCTION
In addition to determining reservoir properties, a critical task for seismic exploration is
evaluation of cap rock sealing properties. A reservoir with high porosity and permeability
remains brine-saturated if the overlying top seal is not capable of retaining migrating fluids
(e.g., hydrocarbons or carbon dioxide – CO2). In contrast, impermeable rock facies above a
reservoir may form part of a trap that allows for accumulation and retention of fluids in the
reservoir for a significant time. Consequently, such reservoir-seal scenarios are desirable in
oil and gas exploration as well as for locating proper storages sites for anthropogenic CO2.
The sealing capacity of a cap rock is determined by a combination of various factors.
The potential of the fluid to displace into the cap rock is related to capillary properties of the
seal (Hubbert, 1953). In general, low permeability facies (e.g., mudstone, shale) comprise
high quality seals because their high capillary entry pressure, which inhibits fluid migration
into the seal facies. In contrast, sandstone has much lower capillary entry pressure and
weaker resistance to fluid pressure (Schowalter, 1979). However, in some cases, a reservoir
can be sealed by sandstone (Edlmann et al., 2016). Carbonates can be as highly-penetrable
or a reliable seal depending on composition (Ahr, 2008).
Structural factors also affect seal quality. Faulting and fracturing can significantly in-
crease the permeability of the rocks and can decrease sealing capacity. A fault can be
sealing or non-sealing depending on the displacement pressure of the fluids and lithologies
in contact at the fault (Smith, 1966; Antonellini and Aydin, 1994). The fault is sealing
for lateral migration across the plane or vertical migration along the plane if the capillary
entry pressure of the fault-zone material is greater than the fluid buoyancy displacement
pressure. In contrast, the fault is non-sealing if filled by material with low capillary entry
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pressure, possibly accompanied by fractures.
If a cap rock is not capable of retaining buoyant fluids, they migrate vertically. The fluids
saturate overlying strata thereby locally changing acoustic impedance. The local acoustic
impedance contrasts manifest as seismic diffractions, which are an inherent part of the
seismic wavefield. Diffraction waves generated by subtle subsurface features (like fluid-filled
fractures) have relatively low amplitudes and are, consequently, typically suppressed by the
stronger primary reflection waves. This is a major reason why seismic diffractions are not
widely used in seismic exploration. However, if diffraction energy is purposely isolated and
processed separately from reflections, diffractions can reveal valuable information about fluid
saturation across an area (Klokov et al., 2015). Indeed, seismic diffractions may be applied
to the characterization of fault planes and prediction of fluid-migration paths (Ogiesoba
et al., 2015).
We propose using diffractivity analysis to evaluate the sealing capability of potential cap
rocks by analyzing a 3D seismic dataset that was acquired by a novel ultra-high resolution
system known as P-Cable (Petersen et al., 2010; Plaza-Faverola et al., 2011; Brookshire
et al., 2015; Meckel and Mulcahy, 2016). We attempt to identify faulting/fracturing and
evidence of fluid migration, which could be associated with fluid escaped from the underlying
strata (below 3000 ft). To distinguish hydrocarbon from brine, we accompany seismic
diffractions with wireline well logs recorded across the interpreted intervals.
The P-Cable technology utilizes short streamers separated by short crossline streamer
spacing (Lippus, 2014). In combination with small shooting intervals (e.g. 12.5 m), this
strategy allows processing with extremely small bin sizes (6.25 m), which yields a fourfold
increase in lateral resolution (typical bin size of conventional 3D marine surveys is 25 m).
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In addition, P-Cable near-offset configuration provides the required fold with no need for an
NMO correction for far offset, which allows preserving the high frequency content produced
by special sources. Seismic diffractions have been proposed in the geophysical literature as
a strategy for high-resolution seismic imaging (Landa, 2013; Sturzu et al., 2014; Benfield
et al., 2016). Therefore, by applying diffraction imaging to P-Cable data, we combine a
high-resolution method and high-resolution data.
GEOLOGICAL SETTINGS
The P-Cable dataset used in this study (43 sq. km) was acquired in Texas State Waters less
than 16 km (10 miles) offshore from Bolivar Peninsula along the inner shelf of the upper
Texas coast (Figure 1). The geologic section examined (generally above 300 m) corresponds
to mostly Quaternary age sediments as the top of the Miocene is reliably interpreted at a
depth of approximately 425 m within the dataset coverage area. Meckel and Mulcahy (2016)
described two Quaternary age incised valley systems and their adjacent interfluve areas.
The systems were interpreted using another HR3D seismic survey located approximately
55 km (35 miles) southwest of the current survey. Although, seismic amplitude facies are not
interpreted as part of the current study, it is assumed that facies similar to those interpreted
by Meckel and Mulcahy (2016) are also present in the current study area.
The main structural feature that affects the geologic section of the current P-Cable
dataset is the early Miocene Clemente-Tomas fault zone (Galloway, 1989; Bradshaw and
Watkins, 1994; McDonnell et al., 2009), whose fault trace is northwest of the dataset.
Consequently, the dataset examines a portion of the fault zones hanging well. Structural
features interpreted in the current study are related to hanging well deformation.
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DATA ACQUISITION AND PROCESSING
The P-Cable acquisition system utilized 12 streamers, with 12.5 m crossline spacing and 8
channels each. The source-receiver offset did not exceed 110 m. Shot point separation of
12.5 m allowed processing with bin size of 6.25 m. Seismic energy was produced by a single
90 cubic inch generator-injector (GI) air gun source. The seismic data were recorded for
3 s with a sample rate of 0.5 ms and contained frequencies up to 250 Hz with a dominant
frequency of 150 Hz.
The data processing was performed at The University of Texas at Austin and included
time correction for gun delay, shot signature deconvolution, geometrical spreading compen-
sation, ensemble equalization to compensate shot-to-shot RMS amplitude variation, multi-
ple attenuation, and noise removal. Finally, the data were restructured to common-midpoint
gathers and stacked to produce a 3D data volume.
VELOCITY MODEL BUILDING
Velocity model building is a critical step in data processing that affects seismic image quality;
inaccurate velocities cause defocusing of migrated images and lead to incorrect positioning
of geologic objects. In surface seismic, the common practice is to derive velocity information
from curvatures of reflection events (normal moveout). Seismic reflections are recorded by
an extended array of receivers, and the receiver stations register a reflected wave with
specific time delays that form hyperbolic reflection events in gathers. The time shifts (or
the hyperbola curvatures) are associated with velocities in the strata that enable inversion
of the velocity information. Greater number of receivers and longer offsets favor more
accurate and robust velocity estimation. Because of short offsets in P-Cable acquisitions,
traditional velocity analysis is challenging. Therefore, the common practice is to utilize
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velocity information from conventional seismic data in the same geographic area (Petersen
et al., 2010) or assume a constant velocity model (Kluesner and Brothers, 2016; Singhroha
et al., 2016).
The velocity model’s impact on the quality of seismic imaging is particularly noticeable
in images of scattering objects (Zhu et al., 1998) like small faults, voids, and local litho-
logical heterogeneities. If the migration velocity is correct, diffracted energy is focused on
a scatterer. If the velocity used is too low, the scattering object appears undermigrated
and diffraction energy is smeared along a hyperbola with tails oriented downwards (towards
larger times/depths). Migration velocities that are too high yield overmigrating of the scat-
tering object, and the hyperbola tails are oriented upwards (towards smaller times/depths).
This focusing/defocusing feature is observable even after single-offset migration that makes
diffraction focusing analysis an option for velocity model building based on short-offset
P-Cable data.
To construct a velocity model for our P-Cable dataset, we selected one inline section and
migrated it with a set of constant-velocity models, varying from 1500 to 2500 m/s. Next,
we performed diffraction imaging for each migrated section (the applied diffraction imaging
approach is described below). After that, we scanned all diffraction images obtained for
visual inspection and selected migration velocities providing the best focusing of scatterers.
Assuming minimal lateral variations, we compiled all the selected velocities and generated
a one-dimensional profile (Figure 2), which was appropriate for time migration.
The improvement in imaging associated with the velocity model optimization can be
observed in Figure 3. It compares a diffraction image obtained after migration with a
constant velocity model (1520 m/s) and a diffraction image produced by migration with
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the optimized velocity. Note that the optimized velocity model provides better focusing of
the point scatterers (zoomed panels on the right side of the figures).
Typically, many diffractors can be located in the subsurface. Provided that the diffrac-
tion response is not too corrupted by noise, a dense velocity model may be constructed
based on diffraction focusing analysis (Sava et al., 2005; Fomel et al., 2007). In the current
study, however, we found it reasonable to settle for the one-dimensional velocity profile
because the near-surface of the study area is composed of relatively horizontal strata. In
addition, accurate spatial location of subsurface features was not our goal (as it would have
been for targeted drilling). Instead, our focus was to identify the area’s possible fluid flux
and, specifically, to identify potential migration pathways.
After the velocity profile was complete, the optimized velocity model was used to migrate
the entire 3D P-Cable dataset, which was followed by diffraction imaging, described below.
DIFFRACTION ANALYSIS
For diffraction imaging, we separated diffractions in the migrated dip-angle domain (Klokov
and Fomel, 2012). This approach allows segregating diffractions from background noise,
which favors working with subtle scattering objects like fractures. The diffractions were
separated in the time domain and subsequently converted to depth (using the developed
velocity function) for direct correlating with wireline logs . The depth-converted 3D diffrac-
tion image had a sample interval of 0.6 m (2 ft) and grid size of 6.25 m.
In contrast to commonly used seismic attributes like curvatures, coherence or similarity,
a diffraction image characterizes each geologic object with amplitude, which is associated
with acoustic impedance contrast. Thus, amplitudes resulting from diffractions are valuable
for interpreting data. To facilitate interpretation, we converted the diffraction image into
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the diffraction energy attribute volume (Figure 4a).
Evaluation of diffraction power across the section revealed depth intervals in which
diffractivity varied significantly. In the following, we examine each of these intervals sep-
arately. We compare the diffraction image with the conventional reflection seismic image
and seismic attributes, which are routinely used for interpretation of reflector dislocations.
In particular, we address similarity, which is a response of coherency between nearby traces
(de Rooij and Tingdahl, 2002). In this work, similarity was calculated by the OpendTect
environment with full dip-steering, extension in all directions, stepout equal one for both
inline and crossline directions, and depth gate of 8 m. In addition, we operated with the
fracture density attribute (maximum curvature was used as the input; a radius of scanning
was set to 100 m). The attributes were calculated from an input conventional seismic image
first obtained in the time domain and then converted to depth. Note that the P-Cable data
acquisition was affected by a production platform that caused the shadow area observable
in multiple depth slices and sections. The shallowest part of the geologic section, which
contains the strongest diffraction amplitudes, is strongly affected by acquisition footprints.
Therefore, we exclude it from the diffraction analysis, and examine only depths below 50 m.
The strongest diffractions are located above 120 m (Figure 4). This interval is interpreted
as a fluvial depositional system; a number of pronounced channel features are visible in the
P-Cable seismic image (Figure 5b). A pronounced lithology contrast is often characteristic
of a fluvial channel; note that the spontaneous potential log characterizes this interval with
sharp changes in shale content across the sequence (Figure 4). Such lithologic contrast
is often associated with strong acoustic impedance contrast, which, in turn, exhibits high
diffractivity. In addition, fluvial channels tend to contain coarse grained sediments, thereby,
creating a high-quality reservoir. When saturated with fluid, such reservoirs exhibit even
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higher diffractivity features. Figure 5a shows a horizon slice extracted from the diffraction
energy volume. The channels (some are indicated by yellow arrows) appear sources of strong
diffraction energy. Section view reveals that diffractions are concentrated along two laterally
extended intervals connected by faults (Figure 4), which favor fluid migration. Figure 6
shows diffraction energy attribute extracted along three faults interpreted in Figures 4
and 5. Generally, the faults are associated with strong diffractions which indicates fluid
leaking along the planes. Variations of diffraction power allows locating zones with higher
permeability — for instance, west (right) part of the fault F1 reveals higher values of the
diffraction energy attribute. The two high-diffractivity intervals are characterized by low
electrical resistivity, which suggests brine not hydrocarbon saturation. Also note, that
diffractivity decreases as the distance from the borehole increases – diffraction clusters
appear much weaker between crosslines 0 and 500 indicating lower fluid content at far
distances.
Diffraction strength drops significantly in the interval below 120 m depth, which contains
vertically oriented scattering features (Figure 7). One group of these vertical scatterers
(indicated by red arrows) represents faults, which have strong diffractivity and, because
of the prominent vertical offset, are easily detectable in the conventional seismic image
(Figure 8) and attribute sections (Figure 9). Another group of vertical scatterers (some are
indicated by small green arrows) reveal much lower diffraction energy and are not associated
with any vertical amplitude offset, which makes them undetectable using seismic attribute
analysis based on reflections (Figure 9). The geometrical considerations suggest that the
latter group of vertical scatterers are subseismic throws (or, possibly, fracture corridors)
located in areas between the faults. Note that the subseismic throws are well-focused in the
diffraction image (Figure 7b), which suggests a correct migration velocity model developed
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(inaccuracies in migration velocity lead to smearing of scattering objects).
In Figures 10-13, we examine inline 300, south of the shadow zone caused by the pro-
duction platform. This section reveals two depressions of high-diffractivity to a depth of
180 m (outlined by the dashed white line). The lower boundary of the anomaly is highly
curved. The equivalent conventional seismic image (Figure 11) indicates lateral bedding,
which suggests that the curved nature of the boundary is not related to geologic structure.
The high diffractivity may not be explained by intensive faulting as well – the similarity
attribute indicates no anomalies consistent with this high-diffractivity area (Figure 12).
To evaluate lateral extension of the high-diffractivity zones, we extracted a horizon slice
from the diffraction energy volume (Figure 14a). One may notice two zones (indicated by
dashed outlines) which reveal increased diffractivity. One zone is extended in the vicinity of
the platform, another zone is located in the west (right) portion of the P-Cable survey. In
the area of study, we assume subtle lateral changes in lithologic composition and explain the
presence of the high-diffractivity anomalies by fluid saturation. An important detail is that
the interval of the high-diffractivity anomalies are characterized by high electrical resistivity
(Figures 7 and 10), which allows the possibility for the presence of hydrocarbon migrated
from the underlying strata. This assumption can be advocated by spectral decomposition
(CWT analysis with the Mortlet wavelet was performed in the depth domain). The low-
frequency component (Figure 13a) discloses an anomaly just below the high-diffractivity
area. We interpret this feature as a low-frequency shadow (Chopra and Marfurt, 2007)
characteristic for gas-saturated intervals.
Diffraction energy correlates well with the similarity attribute at the faults indicated
by the yellow arrows in Figure 14b. However, two interpreted fluid-saturated areas are not
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evident in the similarity slice. This example illustrates two different sources of diffracted
waves, which are faults and fluid saturated small fracture or pore networks. The faults have
specific structural signatures such as vertical offsets that makes them easily detectable for
seismic attributes operating on conventional seismic images. Conversely, diffraction waves
generated by smaller scale fractures and pores networks are much weaker and are often
difficult to distinguish from noise level. The latter diffractions are the primary target for
diffraction imaging.
Below a depth of 240-275 m, diffraction energy decreases further (Figure 15). A few
subtle elongated clusters, which are associated with faults, can be detected in diffraction
energy depth slices (Figure 16). Another perceptible feature is an acquisition footprint
that becomes more prominent at those depths (shown by red arrows). A fault is a strong
scatterer that generates diffractions dominating a diffraction image. The fact that energy
from the strongest diffractors is comparable with noise level implies an unacceptably low
signal-to-noise ratio and the inadvisability of diffraction analysis in intervals below 275 m.
Note that for conventional seismic surveys, which operate with much more powerful sources
and are optimized for investigating a much deeper geologic section, the diffraction analysis
zone should be much deeper.
CONCLUSIONS
To evaluate the ability for seal intervals to retain fluids in underlying reservoirs, we per-
formed diffraction analysis of the shallow intervals (above 200 m) imaged by high-resolution
P-Cable seismic data. We isolated diffractions from the P-Cable data and analyzed diffrac-
tion strength across the section, and observed both narrow-linear and broad-sinuous zones
of high diffractivity. We interpreted these broad regions to be a response to variable fluid
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composition saturation including hydrocarbons, which may have escaped from underlying
reservoirs. These migrating fluids reach the near subsurface, fill the pore space, thus chang-
ing the acoustic impedance enough to generate detectable diffraction waves.
We observed that diffraction energy was not distributed evenly vertically or horizontally.
Several vertical intervals with variable diffraction strength were recognized. The strongest
diffractions were located in the upper part of the analyzed section (50-100 m), in which mul-
tiple depositional channels were inferred. These strong diffractors were concentrated along
depth intervals characterized by reduced electrical resistivity in nearby wireline well logs
that allowed associating them with brine. In the underlying intervals, diffraction energy was
significantly lower and revealed uneven lateral distribution. Two high-diffractivity anoma-
lies extending vertically and laterally were examined. We assumed the high-diffractivity
anomalies to be hydrocarbons that have migrated from underlying reservoirs because of 1)
laterally extensive sub-horizontal strata and inferred lateral continuity of lithologic prop-
erties in conjunction with 2) high electrical resistivity of correlative the strata in wireline
well logs of nearby wells and 3) the associated seismic low-frequency shadow. In addition,
we observed a large number of faults and accompanying subseismic throws (or, possibly,
fracture corridors) that could serve as path-ways for fluid migration. All these features
suggested poor sealing capacity of the underlying cap rocks.
Our work introduced diffraction imaging applications for high-resolution 3D P-Cable
seismic data. Because of P-Cable acquisition geometries, we were able to get high-resolution
(bin size of 6.25 m) seismic imaging of the strata. In the diffraction image obtained, we
interpreted depositional channels, faults and subvertical fracture network. We consider the
diffraction signals to be reliable between the depths of 50 to 275 m.
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In addition, we tested diffraction focusing analysis for velocity model building. We
were able to compile a velocity profile, subsequently used for the P-Cable data migration.
Satisfactory focusing of the vertical scatterers, which were interpreted as subseismic throws,
validated the velocity model used. The diffraction focusing option appears quite valuable
for P-Cable data processing because of short offset and limitations of the standard velocity
analysis.
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LIST OF FIGURES
1 Map of the Texas Coastal Bend and Texas State Waters showing P-Cable survey
location. Clemente-Tomas Fault outline is from Seni et al. (1997); fault located where it
offsets the top of the Miocene geologic section.
2 Velocity profile obtained by diffraction focusing analysis. This velocity model was
used for P-Cable seismic imaging.
3 Velocity model optimization using diffraction focusing analysis. (a) Diffraction im-
age (inline 112) obtained after migration with constant velocity, (b) the same section after
migration with the optimized velocity. Two zoom panels in the right side of the images
illustrate better focusing of diffractors achieved by using the optimized model.
4 Inline 112 showing (a) the diffraction energy attribute and (b) the conventional
seismic image. The sections are overlaid by borehole logs: spontaneous potential log (left,
dark colors indicate more shale content) and electrical resistivity log (right). White arrows
indicate two high-diffractivity intervals, which correlate with electrical resistivity decrease.
Green arrows show faults connecting those two intervals. The shadow area at crossline 1800
(i.e. no data) is caused by a production platform.
5 (a) Diffraction energy attribute and (b) the conventional seismic image extracted
along the horizon H1. Red dashed lines indicate faults that connect two intervals of high
diffractivity associated with brine saturation. Yellow arrows show fluvial channels, which
are characterized by strong diffraction power. Red dot locates a well in which the wireline
logs were recorded.
6 Diffraction energy attribute extracted along three fault planes interpreted in Fig-
ures 4 and 5. Higher diffraction energy power locates zones with higher permeability char-
acteristics. Dashed black line indicates a position of inline 112. The low diffractivity zone
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indicated by the red double arrow is probably caused by low signal power in this area, not
perfect sealing features.
7 Inline 150 showing (a) the diffraction energy attribute and (b) the diffraction im-
age. The shadow area at crossline 1500 is caused by a production platform. The sections
are overlain by borehole logs projected from the actual position: spontaneous potential log
(left, dark colors indicate higher shale content) and electrical resistivity log (right). Red
arrows indicate faults, green arrows indicate more subtle diffractors which were interpreted
as subseismic throws (or, possibly, fracture corridors).
8 Inline 150 showing the conventional seismic image. The shadow area at crossline
1500 is caused by a production platform. The sections are overlain by borehole logs pro-
jected from the actual position: spontaneous potential log (left, dark colors indicate higher
shale content) and electrical resistivity log (right). Red arrows indicate faults, green arrows
indicate more subtle diffractors which were interpreted as subseismic throws (or, possibly,
fracture corridors).
9 Inline 150 showing (a) the similarity attribute and (b) fracture density attribute.
The shadow area at crossline 1500 is caused by a production platform. The sections are
overlain by borehole logs projected from the actual position: spontaneous potential log
(left, dark colors indicate higher shale content) and electrical resistivity log (right). Red
arrows indicate faults, green arrows indicate more subtle diffractors which were interpreted
as subseismic throws (or, possibly, fracture corridors).
10 Inline 300 showing the diffraction energy attribute. The sections are overlaid by
borehole logs projected from the actual position: spontaneous potential log (left, dark colors
indicate more shale content) and electrical resistivity log (right). White dashed line denotes
the boundary between the upper high-diffractivity area and the underlying low-diffractivity
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area.
11 Inline 300 showing the conventional seismic image. The sections are overlaid by
borehole logs projected from the actual position: spontaneous potential log (left, dark colors
indicate more shale content) and electrical resistivity log (right). White dashed line denotes
the boundary between the upper high-diffractivity area and the underlying low-diffractivity
area.
12 Inline 300 showing the similarity attribute. The sections are overlaid by borehole
logs projected from the actual position: spontaneous potential log (left, dark colors indi-
cate more shale content) and electrical resistivity log (right). White dashed line denotes
the boundary between the upper high-diffractivity area and the underlying low-diffractivity
area.
13 Inline 300 showing frequency decomposition results: (a) 66 cycles/km component
and (b) 200 cycles/km component. The sections are overlaid by borehole logs projected
from the actual position: spontaneous potential log (left, dark colors indicate more shale
content) and electrical resistivity log (right). White dashed line denotes the boundary be-
tween the upper high-diffractivity area and the underlying low-diffractivity area.
14 (a) Diffraction energy attribute and (b) similarity attribute extracted along horizon
H2. Dashed lines denote the boundary between the high-diffractivity and low-diffractivity
zones. Yellow arrows indicate faults on which two attributes correlate well. Red dot locates
a well in which the wireline logs were recorded. Dotted line locates the inline section in
Figures 10-13.
15 Inline 300 showing the diffraction energy attribute. The sections are overlaid by
borehole logs projected from the actual position: spontaneous potential log (left, dark col-
ors indicate more shale content) and electrical resistivity log (right). Dashed white outline
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denotes the boundary between upper high-diffractivity area and underlying low-diffractivity
area.
16 Depth slice from 300 m for diffraction energy attribute. Yellow arrows indicate sub-
tle linear clusters associated with faults. Red arrows indicate acquisition footprint which
appears prominent at that depth. Red dot locates a well in which the wireline logs were
recorded.
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Figure 1: Map of the Texas Coastal Bend and Texas State Waters showing P-Cable survey
location. Clemente-Tomas Fault outline is from Seni et al. (1997); fault located where it
offsets the top of the Miocene geologic section.
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Figure 2: Velocity profile obtained by diffraction focusing analysis. This velocity model was
used for P-Cable seismic imaging.
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Figure 3: Velocity model optimization using diffraction focusing analysis. (a) Diffraction
image (inline 112) obtained after migration with constant velocity, (b) the same section
after migration with the optimized velocity. Two zoom panels in the right side of the
images illustrate better focusing of diffractors achieved by using the optimized model.
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Figure 4: Inline 112 showing (a) the diffraction energy attribute and (b) the conventional
seismic image. The sections are overlaid by borehole logs: spontaneous potential log (left,
dark colors indicate more shale content) and electrical resistivity log (right). White arrows
indicate two high-diffractivity intervals, which correlate with electrical resistivity decrease.
Green arrows show faults connecting those two intervals. The shadow area at crossline 1800
(i.e. no data) is caused by a production platform.
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Figure 5: (a) Diffraction energy attribute and (b) the conventional seismic image extracted
along the horizon H1. Red dashed lines indicate faults that connect two intervals of high
diffractivity associated with brine saturation. Yellow arrows show fluvial channels, which
are characterized by strong diffraction power. Red dot locates a well in which the wireline
logs were recorded.
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Figure 6: Diffraction energy attribute extracted along three fault planes interpreted in
Figures 4 and 5. Higher diffraction energy power locates zones with higher permeability
characteristics. Dashed black line indicates a position of inline 112. The low diffractivity
zone indicated by the red double arrow is probably caused by low signal power in this area,
not perfect sealing features.
Klokov et al. –
27








	


     


 



 	




a








	


     




 
 	




b
Figure 7: Inline 150 showing (a) the diffraction energy attribute and (b) the diffraction
image. The shadow area at crossline 1500 is caused by a production platform. The sections
are overlain by borehole logs projected from the actual position: spontaneous potential log
(left, dark colors indicate higher shale content) and electrical resistivity log (right). Red
arrows indicate faults, green arrows indicate more subtle diffractors which were interpreted
as subseismic throws (or, possibly, fracture corridors).
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Figure 8: Inline 150 showing the conventional seismic image. The shadow area at crossline
1500 is caused by a production platform. The sections are overlain by borehole logs projected
from the actual position: spontaneous potential log (left, dark colors indicate higher shale
content) and electrical resistivity log (right). Red arrows indicate faults, green arrows
indicate more subtle diffractors which were interpreted as subseismic throws (or, possibly,
fracture corridors).
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Figure 9: Inline 150 showing (a) the similarity attribute and (b) fracture density attribute.
The shadow area at crossline 1500 is caused by a production platform. The sections are
overlain by borehole logs projected from the actual position: spontaneous potential log
(left, dark colors indicate higher shale content) and electrical resistivity log (right). Red
arrows indicate faults, green arrows indicate more subtle diffractors which were interpreted
as subseismic throws (or, possibly, fracture corridors).
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Figure 10: Inline 300 showing the diffraction energy attribute. The sections are overlaid by
borehole logs projected from the actual position: spontaneous potential log (left, dark colors
indicate more shale content) and electrical resistivity log (right). White dashed line denotes
the boundary between the upper high-diffractivity area and the underlying low-diffractivity
area.
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Figure 11: Inline 300 showing the conventional seismic image. The sections are overlaid by
borehole logs projected from the actual position: spontaneous potential log (left, dark colors
indicate more shale content) and electrical resistivity log (right). White dashed line denotes
the boundary between the upper high-diffractivity area and the underlying low-diffractivity
area.
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Figure 12: Inline 300 showing the similarity attribute. The sections are overlaid by borehole
logs projected from the actual position: spontaneous potential log (left, dark colors indicate
more shale content) and electrical resistivity log (right). White dashed line denotes the
boundary between the upper high-diffractivity area and the underlying low-diffractivity
area.
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Figure 13: Inline 300 showing frequency decomposition results: (a) 66 cycles/km component
and (b) 200 cycles/km component. The sections are overlaid by borehole logs projected from
the actual position: spontaneous potential log (left, dark colors indicate more shale content)
and electrical resistivity log (right). White dashed line denotes the boundary between the
upper high-diffractivity area and the underlying low-diffractivity area.
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Figure 14: (a) Diffraction energy attribute and (b) similarity attribute extracted along
horizon H2. Dashed lines denote the boundary between the high-diffractivity and low-
diffractivity zones. Yellow arrows indicate faults on which two attributes correlate well.
Red dot locates a well in which the wireline logs were recorded. Dotted line locates the
inline section in Figures 10-13.
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Figure 15: Inline 300 showing the diffraction energy attribute. The sections are overlaid
by borehole logs projected from the actual position: spontaneous potential log (left, dark
colors indicate more shale content) and electrical resistivity log (right). Dashed white outline
denotes the boundary between upper high-diffractivity area and underlying low-diffractivity
area.
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Figure 16: Depth slice from 300 m for diffraction energy attribute. Yellow arrows indicate
subtle linear clusters associated with faults. Red arrows indicate acquisition footprint which
appears prominent at that depth. Red dot locates a well in which the wireline logs were
recorded.
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